ROK, a first dose of measles, mumps, and rubella vaccine is given at 12-15 months of age and a second dose at 4-6 years of age.
In 2007, 180 of 451 suspected measles cases reported to the Korea Centers for Disease Control and Prevention (KCDC) were confirmed as measles. Approximately one-half of confirmed case patients were infected through nosocomial transmission. We describe the measles outbreak and review aspects of measles virus transmission in ROK.
METHODS

Case Definition and Classification
Both surveillance and clinical case definitions for a measles case patient include rash, fever, and 1 or more of the following symptoms: cough, coryza, or conjunctivitis, or measles suspected by a physician. During the outbreak, the surveillance case definition was modified for hospitals with nosocomial transmission to include hospitalized patients with rash and fever of unknown etiology. Cases were confirmed by laboratory criteria or epidemiologic linkage to another confirmed case. A laboratory-confirmed case was defined as a clinical case patient with 1 or more of the following results: presence of measles immunoglobulin M (IgM) antibody, 4-fold increase in measles immunoglobulin G (IgG) antibody titer in acute and convalescent serum specimens, or detection of measles virus nucleic acid. A case confirmed by epidemiologic linkage was defined as a probable case that had contact with a laboratoryconfirmed case during the contact's infectious period and rash onset 7-18 d after contact. A probable case was defined as a case patient satisfying the clinical case definition but not confirmed by laboratory testing or epidemiologic linkage. A discarded case was defined as a suspected case patient with at least fever and rash whose test results were IgM-negative for measles or who did not have a 4-fold increase in measles IgG titer in paired serum specimens. Suspected case patients from whom blood specimens were obtained #72 h after rash onset and who had IgM-negative results had follow-up blood specimens collected and tested. Case patients with IgM-positive results from specimens collected 8 days to 8 weeks after vaccination with measles-containing vaccine (MCV) were considered to be vaccine-associated cases. A nosocomial case was defined as a confirmed case patient who had contact with another confirmed case patient in a hospital or health care facility during 7-18 days before rash onset if no other source was identified; a community-acquired case was a confirmed case that was neither nosocomial nor imported. An imported case was defined as a confirmed case patient who was outside ROK during the entire 7-18 days before rash onset.
Outbreak Investigation
Detailed case investigation forms were completed and blood specimens were collected from suspected case patients in accordance with WHO guidelines [8] . Data collected included personal identifiers, place where the case patient was infected, age, sex, symptoms, underlying medical conditions, immunization status, travel history, and identification of contacts or hospital visits from 4 days before to 4 days after rash onset (infectious period). Patients hospitalized together with confirmed case patients during the infectious period in the same rooms or wards were monitored by their physician and followed up telephonically after discharge for at least 3 weeks. Those with measles symptoms were investigated, and blood specimens were collected.
Surveillance System During the Measles Outbreak
The ROK Prevention of Contagious Diseases Act mandates immediate reporting of suspected measles cases to the KCDC. Existing passive surveillance includes a school-and pediatric clinic-based sentinel system to detect suspected cases of measles throughout ROK. The school-based system includes weekly zero-reporting from 187 elementary schools; the pediatric clinicbased system includes daily zero-reporting from 278 pediatric clinics. During the outbreak, affected hospitals were requested to report cases of fever and rash daily for at least 4 weeks after rash onset in the most recent case. Five private laboratory centers also were requested to report daily results of measles IgM serological testing.
Laboratory Testing
Cases were classified as laboratory-confirmed on the basis of positive results of serologic, virus isolation, and reversetranscription polymerase chain reaction (RT-PCR) tests. Serological testing for measles IgM antibody was performed by enzyme-linked immunosorbent assay (ELISA; DADE-Behring). Specimens with positive results by a commercial laboratory were sent to the Division of Influenza and Respiratory Viruses of the National Institute of Health of ROK for confirmatory test by ELISA. Throat swab, saliva, urine, and/or whole blood specimens also were collected for virus isolation followed by nested RT-PCR. RNA was either extracted directly from clinical specimens by use of the Qiamp viral RNA extraction kit (Qiagen) or extracted from Vero/SLAM (signaling lymphocyte-activation molecule) cell culture fluid inoculated with specimens. Nested RT-PCR was performed using primer sets targeting the nucleoprotein (N) gene. PCR targeted the 540-bp region of the N gene with primers MV60 and MV63 followed by subsequent nested PCR with MV60.1 and MV63N (Table 1) [9] . PCR products of 450 bp in size were confirmed by agarose gel electrophoreses.
Data Analysis
Data were analyzed using SPSS for Windows (ver 13.0; SPSS). The Yates corrected v 2 test and Student t test was used to determine the significance of differences between categorical and continuous variables, respectively. The Kruskal-Wallace test was used to determine the significance of differences between nonparametric measures of central tendency (ie, the median). Differences between groups were considered significant at a level of P , .05. All P values are 2-tailed.
RESULTS
Distribution of Cases of Measles by Time and Place
During the period from 15 January through 20 December 2007, 451 suspected measles cases were reported ( Figure 1 and included 72 cases from 5 hospitals in the Seoul metropolitan city and 9 cases in 1 hospital in Jeju-do. Communityacquired cases occurred during a 29-week period from weeks 14 through 42 and included 97 cases in 5 of 9 provinces and 5 of 7 metropolitan cities. Two cases were classified as imported, with rash onset during weeks 23 and 43. The capital area, which includes Seoul metropolitan city, Gyeonggi-do, and Incheon metropolitan city, reported 153 (85%) confirmed cases; Seoul accounted for 134 (74%). In Seoul, 72 (54%) cases were nosocomial and 62 (46%) were community-acquired. The other provinces and metropolitan cities had ,5 confirmed cases each except Jeju-do, which reported 9 nosocomial cases and 5 community-acquired cases ( Table 2) .
Distribution of Measles Cases by Sex, Age, and Vaccination Status
Of all the confirmed case patients, 93 (52%) were male. The proportion of male case patients was not significantly different between nosocomial and community-acquired cases. The median age was 12.5 months (interquartile range [IQR], 10-20 months). Among 180 case patients, 75 (42%) were infants and 62 (34%) were 12-23 months old (Table 3 ). Among 75 infant case patients, 72 (96%) were 6-11 months old. The median age among case patients infected through nosocomial transmission (11 months; IQR, 9-14 months) was significantly lower than that among those infected through community transmission (15 months; IQR, 11-42 months; P , .01). Among all confirmed case patients, 124 (69%) had no history of measles vaccination, 41 (23%) had been vaccinated twice, and 9 (5%) had been vaccinated once. Three (15%) of 20 case patients aged 12-15 months (and eligible for the first dose of measles vaccine), 16 NOTE. Imported cases (2 cases) are excluded. Republic of Korea has 16 administrative districts, which comprise 9 provinces and 7 metropolitan cities. Classification of the region is based on the administrative districts; 5 provinces and 2 metropolitan cities had no confirmed case of measles. The incidence of measles was calculated using the number of individuals with resident registration as of 2007 in the affected regions. (38%) of 42 case patients aged 16-23 months, and 8 (62%) of 13 case patients aged 24-47 months had been previously vaccinated. Four (15%) of 27 case patients aged 12-47 months who were infected through nosocomial transmission were previously vaccinated against measles, compared with 25 (52%) of 48 case patients of the same age group who were infected through community transmission (prevalence risk ratio, .28; P , .01).
Modes of Transmission
Eighty-one (45%) of 180 confirmed case patients were infected through nosocomial transmission. Figure 2 illustrates the chains of nosocomial transmission. In all, 6 hospitals (A-F) reported nosocomial case patients who were likely infected from various sources. Five hospitals (A-D and F) were located in Seoul metropolitan city, and 1 hospital (E) was located in Jeju-do. In 5 of 6 hospitals affected, transmission was limited to 2 or 3 generations and a maximum of 4 weeks in duration. In the other hospital (A), 2 separate nosocomial outbreaks occurred.
The first nosocomial outbreak began in hospital A with 4 case patients who developed rash onset during the period 3-9 April 2007. The 4 case patients were admitted to hospital A 17-20 days before rash onset and remained hospitalized for 5-12 days. The primary source of infection could not be identified. Two of these 4 initial case patients developed fever and rash 3-12 days after discharge from hospital A and were readmitted to hospital A. After readmission, 5 more generations of transmission were identified in hospital A during an 8-week period. Among the secondary case patients in hospital A, 2 developed fever and rash 3-6 days after discharge and were admitted to hospital C, where 2 more generations of transmission occurred during a 3-week period. One of the initial 4 case patients from hospital A developed fever and rash 6 days after discharge and was admitted to hospital B, where 2 secondary cases were later identified. The outbreaks of measles in hospitals A, B, and C persisted for an 11-week period from week 14 through week 24.
A second nosocomial outbreak occurred in hospital A after admission of a community-acquired case patient with rash onset on 24 June 2007. Three generations of transmission subsequently occurred during a 7-week period. An apparently independent nosocomial outbreak in hospital D was initiated by 2 hospitalized community-acquired case patients with rash onset on 28 April and 1 May 2007, respectively. Two generations of transmission occurred subsequently in hospital D during a All contacts between sources in the transmittable period (within 4 d before and 4 days after rash onset) and patients in incubation period (7-18 days before rash onset) are connected with arrows. Six hospitals (A-F) were involved in nosocomial transmission of measles. Nosocomial transmission in hospitals B and C was initiated by the patients infected with measles virus in hospital A. Nosocomial transmission in hospitals A (second outbreak), D, and F was initiated by patients who had acquired measles in the community and were hospitalized during communicable period. The primary source of nosocomial transmission in Hospitals A (first outbreak) and E could not be found.
4-week period. A nosocomial outbreak in hospital F occurred following admission of a community-acquired case patient with rash onset on 3 July 2007, resulting in 3 generations of transmission during a 5-week period. In hospital E, 4 nosocomial case patients with rash onset in early June 2007 subsequently infected an additional 5 case patients during a 3-week period. The source of infection could not be identified.
Among the 81 patients infected through nosocomial transmission, 76 (94%) were inpatients hospitalized together with measles case patients in the same hospital during the infectious period, and 2 (3%) were infected during their visits to the hospitals as family members of hospitalized patients. Three case patients (4%) were health care workers (HCWs), 2 nurses and 1 physician, who were infected by measles case patients in a children's ward. The 2 nurses infected as many as 6 secondary case patients in hospital C; no secondary cases were linked to the physician.
Among 97 case patients infected through community transmission, 4 were infected by family members such as siblings, children, and parents, and 7 were infected through 2 kindergarten schools. For the other 86 cases, the source of infection could not be identified.
Two (1%) confirmed cases were imported from Japan and India. The case patient infected in Japan was a 16-year-old Japanese male high school student with rash onset the day after entering ROK (5 June 2007). The other case patient was a 27-year-old Korean man with rash onset the day after returning from a 2-month trip to India (27 October 2007) . No secondary cases were linked to either of these imported cases.
Laboratory Testing Results
Confirmatory laboratory tests were performed for 422 (94%) reported cases. Serologic tests were performed for 420 reported cases, among which 184 (44%) were positive for measles IgM. Among these 184 IgM-positive cases, 24 had specimens collected 8 d to 8 weeks after vaccination with MCV and were considered to be vaccine-associated cases. RT-PCR was performed for 121 cases; 46 (38%) were positive by RT-PCR targeting the N gene. In all, 174 suspected cases were laboratory-confirmed: 29 (17%) were both serologically positive and positive by RT-PCR, 131 (75%) were serologically positive only, and 14 (8%) were positive only by RT-PCR. All 14 suspected cases that were positive only by RT-PCR were serologically negative; serologic specimens were collected #72 h after rash onset from 9 case patients and .72 h after rash onset from 5 case patients. All 14 cases were classified as laboratory-confirmed cases according to WHO classification recommendations [10] .
Genotype H1 strains were isolated from 20 nosocomial cases in 4 hospitals, whereas 1 D5 strain and 3 A strains were isolated from community-acquired cases. Among 13 nosocomial cases for which sequence data were available, 7 cases from hospitals A, C, D, and E had identical sequences; 4 cases from hospitals C, D, and E had sequences with 1 nucleotide change; and the remaining 2 cases from hospitals A and E had sequences with 3 and 10 nucleotide changes, respectively. Related sequence information was deposited into the WHO measles and rubella database (http://workspace.who.int/sites/genotype).
Surveillance Quality
During the outbreak, 153 suspected measles cases with at least fever and rash were discarded as non-measles cases, resulting in a discarded measles rate of .31 cases per 100,000 persons (target, $2 cases per 100,000 persons). One (6%) of 16 second-level administrative units had $1 discarded measles cases per 100,000 persons (target, $1 cases per 100,000 persons).Adequate blood specimens were collected from 382 (85%) suspected cases (target, $80% of suspected cases).
Outbreak Response
To control the outbreak, a new guideline for control of nosocomial transmission of measles was developed and distributed to 8,840 hospitals. The guideline emphasized early identification and strict isolation of suspected measles cases and proper care for contacts of measles case patients. HCWs without evidence of measles immunity were recommended to be vaccinated with MCV. Selective vaccination for children in affected hospitals was conducted for 3 weeks after the last case was identified. All hospitalized children aged 6 months to 6 years in hospitals with known nosocomial measles transmission during the outbreak were advised to receive MCV unless contraindications or prior vaccination with 2 MCV doses were demonstrated. Given the limited transmission of measles in this outbreak, lowering the scheduled age of measles vaccination nationally was not considered. Timely vaccination was encouraged through a public campaign and education. Intensified surveillance initiatives during the outbreak period are described above.
DISCUSSION
Measles transmission is facilitated when susceptible persons gather in a closed space with potential exposure to infectious measles-containing respiratory droplets. Such droplets may remain for up to 2 h after the infectious individual with has departed the area [11] . The transmission of measles through health care facilities has been reported in several countries [12] [13] [14] [15] [16] [17] . Schools and churches also have been associated with measles transmission [18] [19] [20] [21] [22] . Health care facilities are at particular risk for measles virus infection because patients may not have been vaccinated because of their young age or disease, and others may be immunologically incompetent. Moreover, the risk of exposure in health care facilities is greater than in the community due to the increased risk of exposure to infectious individuals seeking care or exposure to infected HCWs.
This outbreak demonstrates the risk of measles virus transmission in health care facilities. Case patients infected through nosocomial transmission were younger than those infected through community transmission, and for that reason the patients with nosocomial infection were less likely to have been vaccinated. Three HCWs were infected, and 2 of these also became a source of transmission.
Infants, representing 42% of all case patients, appeared to be at highest risk among all age groups for measles infection. Because the routine schedule in ROK includes first-dose measles-containing vaccine (MCV1) at 12-15 months of age, infants were not eligible for vaccination against measles. Among infants, most cases occurred among those 6-11 months old. It is well known that measles antibodies transferred passively by the mother decrease rapidly after birth, particularly when mothers are protected by vaccine-acquired antibody rather than by natural immunity [23] . A national serologic survey for measles in ROK performed in 2007 showed that 8%-35% of infants between 3 and 12 months old had detectable levels of measles IgG antibody [24] . For this reason, in accordance with expert opinion, the age of administration of the first dose of measles vaccine was lowered to 6 months temporarily for children hospitalized in the hospitals with nosocomial transmission of measles.
In this outbreak, many case patients, particularly those 12-15 months old, had never been vaccinated against measles even though they were eligible for vaccination. Results from a national serological survey for measles in ROK performed in 2007 revealed seropositivity of children 13, 14, and 15 months old to be 18%, 57%, and 81%, respectively, which suggests that many children in ROK are not vaccinated until $14 months of age and therefore remain susceptible to measles [24] . Failure to vaccinate children in a timely manner resulted in a large number of measles cases and was an important factor for measles virus transmission during this outbreak. Although the reported coverage with a second dose of MCV at school entry is .99%, timely vaccination with the first dose of measles vaccine should be encouraged aggressively.
Nosocomial and community transmission appeared to coexist during this outbreak, but reported nosocomial transmission was more rapid. It is possible that unidentified measles cases occurring in or prior to week 14 may have caused nosocomial and community transmission simultaneously. Reported transmission within the hospital was extremely rapid, with 17 cases occurring in weeks 14-16. In contrast, reported community transmission was slower, and large numbers of cases did not occur until week 18. The epidemic curves of nosocomial and community-acquired infection in this outbreak also suggest the possibility that 1 or more measles case patients from the health care facility (or persons infected with measles while visiting or before being discharged from the health care facility) may have initiated community transmission of measles. Thus, there was a dynamic interaction between the community and hospitals in measles virus transmission during this outbreak.
Population immunity in ROK was sufficiently high to prevent sustained transmission of measles virus. Transmission was selflimited without outbreak response immunization interventions, even where incidence temporarily reached 25 cases per million persons in Jeju-do province and 11.5 cases per million persons in Seoul. Very limited measles virus transmission was identified outside of the densely populated, heavily transited capital area: 7 of 13 provinces reported cases, and in 6 of these provinces the number of cases was ,10. If nosocomial cases are excluded, then the only locations reporting .10 confirmed cases each are Seoul metropolitan city and Gyeonggi-do in the capital area. The effective reproduction number of measles during 2007 was estimated to be .49 based on the proportion of imported cases and outbreak size, using maximum likelihood estimates from the Borel-Tanner distribution [25] .
Molecular analyses of measles virus involved in this outbreak provided important information that epidemiologic findings did not. No epidemiologic linkage could be established among cases from hospitals D and E with cases from other hospitals. However, analyses of the measles N genes revealed identical sequences from cases in hospitals A, C, D, and E. In addition, sequences with differences as large as 10 nucleotides were found, which suggests that some cases from the same hospital likely had different sources of infection. Timely sharing of sequence data in the WHO measles and rubella database by all countries will facilitate identification of potentially imported measles virus in every country and area.
In this outbreak, the primary source of infection could not be found for hospitals A and E; nor could the primary sources of most community-acquired cases be identified. Moreover, the reported rates of discarded measles cases were low nationally and in most provinces, which suggests that additional measles case patients were not reported and that the true magnitude of the outbreak was likely much greater. Although ROK declared the elimination of measles in 2006, surveillance performance has never reached all WHO-recommended indicator targets [26] . To verify measles elimination and monitor the impact of potential importations, surveillance systems in countries such as ROK should be sensitive and timely, and capable of accurately classifying suspected cases and conducting molecular analysis on virus from confirmed cases. In ROK, this will require zero-reporting from more reporting units, more extensive contact tracing and additional case finding, and use of WHO-recommended standard indicators to monitor and improve surveillance performance [26] .
Measles outbreaks of limited duration may occur even after countries have achieved measles elimination [27] . Nosocomial transmission can play an important role in such outbreaks. Measures to prevent or reduce nosocomial transmission include timely vaccination of children according to routine immunization schedules; ensuring that children presenting to health care facilities are fully immunized; vaccinating infants 6-11 months old against measles upon hospital admission; ensuring immunity against measles among HCWs; and timely reporting, investigation, and effective isolation of suspected measles cases [11] .
